Abstract-A new circularly-polarized (CP) sleeve antenna fed by a CPW for DTV signal reception applications is presented in this paper. The CPW-fed sleeve monopole antenna consists of square loop sleeve, CPW-fed and complementary SIR radiators. The lower and upper resonance frequencies of the desired band are controlled by the complementary SIR arms, making designs of the wide-band antenna very easy. To demonstrate the idea, the proposed antenna was designed at the band with 470-863 GHz (BW = 393 MHz, 58.9%) for DTV UHF-bands. The antenna gains are varied about 2.2 to 4.0 dBi. An omnidirectional radiation property is also shown. The CP operation for the proposed design can be achieved by properly adjusting the asymmetrical radiators. The reflection coefficient, axial ratio, radiation pattern and gain of the proposed antenna were studied, and reasonable agreement between the simulated and measured results was obtained.
INTRODUCTION
The digital television (DTV) reception has been very attractive for applications in recent wireless communications. Many kinds of antennas for DTV reception have been studied [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] , and delivering broadcast television signals to various terminals such as mobile phone [1] , laptop computer [2, 3] , multi-media player [4] [5] [6] , vehicle [7] and the reception devices [8] [9] [10] [11] [12] [13] [14] [15] [16] , etc.
Basically, these structures belong to the monopole [2, [4] [5] [6] [7] [11] [12] [13] [14] [15] , dipole [1, 3, [8] [9] [10] , planar [17] and the loop [16] . The characteristics of these antennas include broadband, compact, omidirectional patterns and high gain. In which, the sleeve monopole antenna is an attractive candidate for its impedance performance [11, 12, 15] . However, the circular polarization of these antennas has not been studied for DTV applications. Recent research has shown that there are certain benefits of polarization diversity and good reception to use circularly polarized (CP) antennas.
Based on the sleeve monopole antenna [11, 12, 15] , two complementary SIR radiators with longer and shorter electrical length are resonated for the lower and higher resonances of the desired band respectively. By inserting a parasitic sleeve with square loop, the impedance performance is dramatically improved. The asymmetrical radiators consists of the step impedance resonator (SIR) [14] and the complementary configuration [18, 19] . The CP operation for the proposed design can be achieved by properly adjusting the asymmetrical radiators. The variations of gap width and coupled space are studied for optimization. Orthogonal mode in surface current density and AR spectrums are applied for demonstrating the circular polarizations for UHF-bands. Also, the proposed antenna can be regarded as the antenna having CPW-fed. It is an available antenna for DTV reception and CP applications in spite of the compact size.
ANTENNA CONFIGURATION AND BASIS
The configuration of the proposed antenna is shown in Fig. 1 . FR4 substrate with thickness 1.6 mm is used. The dimensions are
.5 mm and L 6 = 50 mm. The antenna is excited by using a CPW-fed and parasitized with a square loop sleeve. The antenna has two resonant distributions due to complementary SIR radiators shown in Fig. 2 . The first (lower) and second (higher) resonant frequencies are determined by dimensions of the path 1 and 2, respectively. In the path 1 for the resonance at lower frequency (510 MHz), L-shaped are added to lengthen the path of the average current for the resonance at higher frequency (770 MHz) in the path 2. Path 2 represents the second resonant distribution among the complementary SIR radiators with shorter electrical length. Therefore, if we adjust the resonant frequencies caused by the path 1 and 2, the proposed antenna can effectively cover broad DTV band (470-863 MHz). Orthogonal modes with first mode (#1) and second mode (#2) are also shown in Fig. 2. 
SIMULATION AND MEASUREMENT
The S 11 spectrums of the proposed antenna with UHF-bands are shown in Fig. 3 . The simulated and measured results of frequency responses are in agreement. In measurement, while the return loss is smaller than −10 dB, the frequency responses cover the bands from 470 to 863 GHz (BW = 393 MHz, 58.9%) for the DTV reception terminals.
Figures 4(a) and (b) illustrate the simulated current distributions among the planar structures respectively, which provide a clearly physical insight on understanding the characteristics of the proposed antenna [20] . Fig. 4(a) shows the complementary SIR radiators are excited with L-shaped concentrating current distributions at the 510 MHz resonances while only one maximum (red) located at the center of left SIR arm and two maximum (red) split to both side of right SIR arm. In addition, the first mode (#1) and the second mode (#2) directions are shown as the arrow. Similarly, Fig. 4(b) shows the complementary SIR radiators are excited with I-shaped concentrating current distributions at the 770 MHz resonances while only one maximum located at the center of left SIR arm and two maximum split to both side of right SIR arm. And the first mode (#1) and the second mode (#2) directions are shown as the arrow. Obviously, the necessary two orthogonal modes in the antenna can be presented. This is confirmed from obtaining the CP characteristics of the proposed antenna.
Since the two quasi-degenerate orthogonal modes of unequal amplitude and phase difference are excited, the purity of circular polarization will be relatively less. Thus, the circular polarization, related to direction, the variations of the observed angle are investigated and presented in Figs. 5(a) and (b). The minimum AR 
CONCLUSION
A novel broadband CPW-fed sleeve monopole antenna has been constructed and experimentally studied. The measured results of the proposed antenna show that this design not only provides a wide operating bandwidth (BW = 393 MHz, 58.9%) with good impedance matching covering the whole DTV band (from 470 to 863 GHz) but also deliver high antenna gain varied about 2.2 to 4.0 dBi. An attractive feature of the antenna is its circularly-polarized characteristic due to the orthogonal mode among the complementary SIR radiators. The proposed antenna is a valuable candidate for DVB signal reception and CP applications.
